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 3HOYLF2EVWHWULFDQG*\QDHFRORJLFDO3K\VLRWKHUDS\
&RUUHVSRQGHQFH 'U &DUO &ODUNVRQ 6HQLRU /HFWXUHU
LQ 3K\VLRWKHUDS\ 'HSDUWPHQW RI 6SRUW ([HUFLVH DQG
5HKDELOLWDWLRQ 1RUWKXPEULD 8QLYHUVLW\ &RDFK /DQH
&DPSXV &RDFK /DQH %HQWRQ 1HZFDVWOH XSRQ 7\QH
1( ;$8. HPDLO FDUOFODUNVRQ#QRUWKXPEULDDFXN
-RXUQDORI3HOYLF2EVWHWULFDQG*\QDHFRORJLFDO3K\VLRWKHUDS\ 6SULQJ±
'HSDUWPHQW RI 6SRUW ([HUFLVH DQG 5HKDELOLWDWLRQ 1RUWKXPEULD 8QLYHUVLW\ 1HZFDVWOH XSRQ 7\QH 8.
'HVSLWH DSSUR[LPDWHO\  RI DOO SUHJQDQW ZRPHQ GHYHORSLQJ SUHJQDQF\UHODWHG
SHOYLFJLUGOHSDLQ33*3YHU\OLWWOH OLWHUDWXUHKDVEHHQSXEOLVKHGRQLQWHUYHQWLRQ
DO VWUDWHJLHV DQG WKHUH LV D GHDUWK RI 8.EDVHG VWXGLHV 2I WKH LQWHUYHQWLRQV WKDW
DOWKRXJK WKH HIIHFWV RI.RUHDQKDQG DFXSXQFWXUH RQ33*3 UHPDLQ XQFOHDU ,Q OLQH
ZLWK WKH8.0HGLFDO5HVHDUFK&RXQFLO IUDPHZRUN IRU FRPSOH[ LQWHUYHQWLRQV DQ\
UDQGRPL]HG FRQWUROOHG WULDO 5&7 7KLV WKUHHSKDVH IHDVLELOLW\ VWXG\ IROORZHG D
PL[HGPHWKRGV SDUDGLJPZKLFKZDV XQGHUSLQQHG E\ SUDJPDWLVP DQG IRXQG WKDW
.H\ZRUGVIHDVLELOLW\VWXG\.RUHDQKDQGDFXSXQFWXUHSUHJQDQF\UHODWHGSHOYLFJLUGOHSDLQ
3UHJQDQF\UHODWHG SHOYLF JLUGOH SDLQ 33*3 LV
D FRQGLWLRQ WKDW DIIHFWV EHWZHHQ  %URZQ
	 -RKQVWRQ  DQG  %DVWLDDQVVHQ HW DO
 RI H[SHFWDQW ZRPHQ DOWKRXJK D UHFHQW
&RFKUDQH 5HYLHZ E\ 3HQQLFN 	 /LGGOH 
VXJJHVWHG WKDW LWV SUHYDOHQFH LV OLNHO\ WR EH
9OHHPLQJ HW DO  S  LV FRQVLVWHQWO\
SXW IRUZDUG
³3HOYLF JLUGOH SDLQ JHQHUDOO\ DULVHV LQ UHOD
WLRQ WR SUHJQDQF\ WUDXPD DUWKULWLV DQG RVWHR
DUWKULWLV 3DLQ LV H[SHULHQFHG EHWZHHQ WKH
SRVWHULRU LOLDF FUHVW DQG WKH JOXWHDO IROG SDU
WLFXODUO\ LQ WKH YLFLQLW\ RI WKH 6,- >VDFURLOLDF
WKLJK DQG FDQ DOVR RFFXU LQ FRQMXQFWLRQ ZLWK
+RZHYHU WKLV GHVFULSWLRQ LV GHYRLG RI DQ\ SV\
gVWJDDUG HW DO  DUJXHG WKDW 33*3 VKRXOG
EH FRQVLGHUHG WR EH D VHSDUDWH HQWLW\ IURP ORZ
EDFN SDLQ LQ SUHJQDQF\ DIWHU WKH\ IRXQG WKDW
FOLQLFDO WHVWV FRXOG EH SHUIRUPHG WR GLIIHUHQWLDWH
WKH WZR FRQGLWLRQV ,Q D V\VWHPDWLF UHYLHZ :X
HW DO  VWDWHG WKDW WKHUH LV HQRXJKHYLGHQFH
WR VXSSRUW WKH VHSDUDWLRQ RI ORZ EDFN SDLQ LQ
SUHJQDQF\DQG33*3 LQ UHVHDUFK WHUPV DOWKRXJK
WKH\ DFNQRZOHGJHG WKDW ERWK FDQ DQG RIWHQ GR
DSSHDU WR EH V\QRQ\PRXV
$FFRUGLQJ WR WKH OLWHUDWXUH 33*3 SURGXFHV
SDLQ :X HW DO  DQG UHVWULFWV DFWLYLWLHV RI
GDLO\ OLYLQJ 5|VW HW DO  ,Q DGGLWLRQ UH
VHDUFKHUV KDYH GLVFXVVHG WKH LPSDFW RI WKLV FRQ
GLWLRQ RQ TXDOLW\ RI OLIH (OGHQ HW DO IHDU
)UHGULNVHQ HW DO  DQG VRFLDO LQWHUDFWLRQV
(OGHQHW DO,WZRXOGDOVRVHHPWKDW33*3
FDQFRQWLQXHDIWHUSUHJQDQF\DQGWKHUHIRUHKDYH
D IXUWKHU LPSDFW XSRQZRPHQ DQG EHKDYH OLNH D
FKURQLF FRQGLWLRQ 6WXJH HW DO  7KLV SUR
YLGHV D VWURQJ UDWLRQDOH IRU QRW RQO\ LQYHVWLJDW
LQJ 33*3 LQ WHUPV RI KRZ LW DIIHFWV ZRPHQ LQ
WKH8. EXW DOVR H[SORULQJ DYHQXHV IRU SRWHQWLDO
WUHDWPHQW3KDPSXWIRUZDUGWKHQRWLRQRI
RYHUFDXWLRQ LQ SUHJQDQF\ E\ UHVHDUFKHUV FOLQL
FLDQV DQG SDWLHQWV ZKLFK VWHPPHG IURP VHULRXV
DGYHUVHHYHQWV WKDWRFFXUUHGEHFDXVHRIGUXJ WUL
DOV LQ WKH V DQG V7KLV KDV FXOPLQDWHG
LQ D JHQHUDO UHOXFWDQFH WR UHVHDUFK LQWHUYHQWLRQV
IRU SUHJQDQF\UHODWHG FRQGLWLRQV LQ JHQHUDO DQG
$ UHFHQW V\VWHPDWLF UHYLHZ E\ &ODUNVRQ HW DO
 LQGLFDWHG WKDW LW LV VDIH WR DGPLQLVWHU
.RUHDQKDQGDFXSXQFWXUHIRUSUHJQDQF\UHODWHGSHOYLFJLUGOHSDLQ
3HOYLF2EVWHWULFDQG*\QDHFRORJLFDO3K\VLRWKHUDS\
DFXSXQFWXUH GXULQJ SUHJQDQF\ 2YHUDOO LW ZDV
IRXQG WKDW WKH UHSRUWLQJ RI DGYHUVH HYHQWV ZDV
SRRU RQ VHYHUDO FRXQWV 2I WKH  VWXGLHV LGHQ

HU HLJKW GLG QRW PHQWLRQ DGYHUVH HYHQWV DW DOO
%HDULQJ LQ PLQG WKH SRRU TXDOLW\ RI UHSRUWLQJ
WKH WUHQG IRU DGYHUVH HYHQW RFFXUUHQFHZDV YHU\
VLPLODU LQ WKH SHQHWUDWLQJ DFXSXQFWXUH DQG QRQ
SHQHWUDWLQJ LQWHUYHQWLRQ JURXSV DQG WKH DG
YHUVH HYHQWV WKDW GLG RFFXU ZHUH ODUJHO\ PLQRU
DQG WUDQVLHQW &ODUNVRQ HW DO  7KLV OHQGV
FUHGLELOLW\ WR LQYHVWLJDWLQJ WKH XVH RI DFXSXQF
WXUH LQ SUHJQDQF\ EXW GHFLVLRQV RQ WUHDWPHQW
VKRXOG QRW EH PDGH RXWVLGH RI WKH FRQWH[W RI

YHVWLJDWHG WKH HIIHFWLYHQHVV DFXSXQFWXUH IRU
33*3
:LWK LWV SUREDEOH RULJLQV EHLQJ LQ DQFLHQW
&KLQD DFXSXQFWXUH KDV EHHQ DGPLQLVWHUHG DV
D WUHDWPHQW IRU D KRVW RI FRQGLWLRQV IRU RYHU
 \HDUV +RSZRRG  $OWKRXJK WKH
5|VFKNH HW DO  S  7KH WUDGLWLRQDO
&KLQHVH PHGLFLQH 7&0 DSSURDFK LV WKH RQH
WKDW LV PRVW FRPPRQO\ XVHG DQG WKLV LQYROYHV
FOLQLFLDQV QHHGOLQJ DFXSRLQWV ZKLFK DUH IRXQG
WKURXJKRXW WKH ERG\ ,Q 7&0 SUDFWLFH WKHVH
DFXSRLQWV DUH WKRXJKW WR EH ORFDWHG RQ PHULGL
DQV DQGDUHQHHGOHGZKHQDSHUVRQ VXIIHUV IURP
SDLQ RU LOO KHDOWK 3HQQLFN 	 /LGGOH  DQG
*XWNH HW DO  UHFRJQL]HG DFXSXQFWXUH DV
DQ DSSURDFKZLWK D SURPLVLQJ HYLGHQFH EDVH IRU
33*3 $OWKRXJK UHVHDUFKHUV VXFK DV :HGHQEHUJ
HW DO  DQG*XHUUHLUR GD6LOYD  KDYH
IRXQG DFXSXQFWXUH WR EH HIIHFWLYH ZKHQ FRP
PHWKRGRORJLFDO TXDOLW\ WR IRUP D EDVLV FOLQLFDO
SUDFWLFH +LJKHUTXDOLW\ VWXGLHV E\ (OGHQ HW DO
  DQG :DQJ HW DO  KDYH DOVR
\LHOGHG SURPLVLQJ UHVXOWV
$GGLWLRQDOO\ WKH W\SH RI DFXSXQFWXUH WKDW LV
EHVW VXLWHG WR WKH PDQDJHPHQW RI 33*3 KDV \HW
WR EH HVWDEOLVKHG $XWKRUV VXFK DV (OGHQ HW DO
 RSWHG IRU D ERG\ DFXSXQFWXUH DSSURDFK
ZKLOH:DQJHW DOXVHGDXULFXODUDFXSXQF
WXUH6LQFH33*3ZRXOGVHHPWREHDJJUDYDWHGE\
PRYLQJ IURP VWDWLF SRVLWLRQV 6WXJH HW DO
IXUWKHU LQYHVWLJDWLRQ LQWR QRQERG\ DFXSXQFWXUH
PHWKRGV DUH ZDUUDQWHG .RUHDQ KDQG DFXSXQF
WXUH .+$ LV RQH VXFK DSSURDFK WKDW KDV IRXQG
IDYRXU ZLWK PDQ\ DFXSXQFWXULVWV ZRUOGZLGH
.LP HW DO  ,W LV EDVHG RQ WKH WKHRU\ WKDW
WKHUHIRUH HDFK ERG\ DFXSXQFWXUH SRLQW XVHG LQ
7&0 FDQ EH IRXQG DQG UHSUHVHQWHG DV DQ DFX
SRLQWRQ WKHKDQG <RR.RUHDQKDQGDFX
SXQFWXUH LV DQ LQWHUYHQWLRQ WKDW KDV QRW \HW EHHQ
LQYHVWLJDWHG LQ D SRSXODWLRQ RI SUHJQDQWZRPHQ
DQG WKHUHIRUH WKH SUHVHQW DXWKRU DGYRFDWHG UH
VHDUFKLQJ LWV SRWHQWLDO DV D WUHDWPHQW IRUZRPHQ
ZLWK 33*3
7R GDWH WKHUH KDYH EHHQ QR SXEOLVKHG8. VWXG
RQ 33*3 DQG WKXV WKH QHHG IRU IXUWKHU KLJK
TXDOLW\UHVHDUFK WKDWFDQEHDSSOLHG WR WKLVSRSX
ODWLRQLVUHTXLUHG7KH0HGLFDO5HVHDUFK&RXQFLO
05& IUDPHZRUN &UDLJ HW DO  KLJKOLJKWV
WKDW HYDOXDWLRQV RI FRPSOH[ KHDOWK LQWHUYHQWLRQV
DUH RIWHQ XQGHUPLQHG E\ SRRU FRPSOLDQFH GH
OLYHU\ RI WKH LQWHUYHQWLRQ UHFUXLWPHQW DQG UHWHQ
WLRQ DQG VPDOOHUWKDQH[SHFWHG VDPSOH VL]HV DOO
IHDVLELOLW\ VWXG\ 7KH 05& SXW IRUZDUG D ³GH
&UDLJ HW DO  S  ZKLFK VXJJHVWHG WKDW
D FRPSOH[ LQWHUYHQWLRQ VKRXOG EH VXEMHFWHG WR
QXPHURXV WHVWV RQ LWV MRXUQH\ IURP GHYHORSPHQW






PHWKRGV UHVHDUFK 005 GHVLJQ LQ ZKLFK WKH
DXWKRU ZDV WKH FKLHI LQYHVWLJDWRU &, DQG GDWD
FROOHFWRU DQG FRQGXFWHG WKH DQDO\VLV $OWKRXJK
DGYRFDWHG E\ DXWKRUV DV HDUO\ DV WKH V
005 LV D UHODWLYHO\ QHZ SUDFWLFH WKDW KDV RQO\
LQYHVWLJDWLRQ LQ WKH SDVW  \HDUV &UHVZHOO 	
3ODQR &ODUN  &UHVZHOO 	 3ODQR &ODUN
 S  DUJXHG WKDW 005 ³SURYLGHV WKH
RI WKH OLPLWDWLRQV EURXJKW DERXW E\ DQDO\VLQJ
QXPEHUV RU ZRUGV LQGHSHQGHQWO\ RI HDFK RWK
HU 9HUKRHI HW DO  GLVFXVVHG WUHDWPHQWV
VXFK DV DFXSXQFWXUH WKDW GHDOZLWK ³ZKROH V\V

IHFW WKDW D WUHDWPHQW PD\ KDYH DV RSSRVHG WR
7KH\ DGYRFDWHG WKH 005 DSSURDFK EHFDXVH
&&ODUNVRQ
 3HOYLF2EVWHWULFDQG*\QDHFRORJLFDO3K\VLRWKHUDS\
RI WKH LQDGHTXDFLHV RI SXUH TXDQWLWDWLYH DS
SURDFKHV ZKLFK DUH UHGXFWLRQLVW LQ QDWXUH DQG
WKHUHIRUH XQDEOH WR DVVHVV WUHDWPHQW HIIHFWV LQ
WRWDO 9HUKRHI HW DO  %LVKRS 	 +ROPHV
 VWDWHG WKDW 005 DSSURDFKHV FRPSOH
PHQW WKH VWUHQJWKV RI ERWK WKH TXDOLWDWLYH DQG
TXDQWLWDWLYH DVSHFWV RI UHVHDUFK 'HVSLWH WKH
FDOO IRU IXUWKHU 005 ZRUN %LVKRS 	 +ROPHV
 UHFRJQL]HG WKDW UHVHDUFK LQ FRPSOH
PHQWDU\ DQG DOWHUQDWLYH PHGLFLQH LV VWLOO RYHU
ZKHOPLQJ GRPLQDWHG E\ TXDQWLWDWLYH DSSURDFK
HV 7KHVH DFFRXQW IRU  RI DUWLFOHV SXEOLVKHG
WR 005 ZKLFK LV RQO\ UHSUHVHQWHG E\  RI
SXEOLFDWLRQV
3UDJPDWLVP LV PRVW IUHTXHQWO\ DGRSWHG DV D
SKLORVRSKLFDO DUJXPHQW IRU 005 EHFDXVH LW LV
LQFOXVLYH RI DOO W\SHV RI NQRZOHGJH JHQHUDWLRQ
LV³DSKLORVRSK\LQZKLFKWKHPHDQLQJRIDFWLRQV
,Q HVVHQFH DOO DFWLRQV DQG LQWHUDFWLRQV WKDW D
KXPDQ EHLQJ KDV DQG ZLOO HYHU KDYH LPSDFW
XSRQ HYHU\ VXEVHTXHQW RU IXWXUH GHFLVLRQ DQG
H[SHULHQFH &UHVZHOO  SURSRVHG WKDW HYHU\
D GHFLVLRQ PDGH LQ VRPH ZD\ 7KH PRUH WLPHV
WKDW DQ LQGLYLGXDO KDV YHU\ VLPLODU H[SHULHQFHV
WKDW SURGXFH YHU\ VLPLODU RXWFRPHV WKH PRUH
WKDW SHUVRQ GHYHORSV D VHQVH RI WKH SUHGLFWDELOL
W\RI DQ\ IXWXUHRXWFRPHZKLFKSUDJPDWLVWV FDOO
ZDUUDQWHG EHOLHIV 0RUJDQ  3XW DQRWKHU
ZD\ FRQVWDQWO\ FKDQJLQJ ZDUUDQWHG EHOLHIV DUH
FUHDWHG DV XQGHUVWDQGLQJ FKDQJHV SURGXFLQJ DQ
RYHUDUFKLQJ ZDUUDQWHG EHOLHI DERXW WKH UHVHDUFK
SURFHVV DQGRU FRQGLWLRQ EHLQJ UHVHDUFKHG 7KLV
FDQ WKHQ EH H[WHQGHG WR WKH OLNHO\ SURFHVV WKDW
DOO UHVHDUFKHUVJR WKURXJK WRHQVXUH WKDW WKH\DU
ULYH DWPHDQLQJIXO FRQFOXVLRQV WR WKHLU UHVHDUFK
IRU FRPSOH[ LQWHUYHQWLRQV
$SSURYDO ZDV VRXJKW DQG JUDQWHG E\ WKH
)DFXOW\ RI +HDOWK DQG /LIH 6FLHQFHV 5HVHDUFK
(WKLFV 5HYLHZ 3DQHO RI 1RUWKXPEULD8QLYHUVLW\
1HZFDVWOH XSRQ 7\QH 8. RQ  2FWREHU
 UHIHUHQFH QXPEHU 5(+/6
GFI ,W ZDV WKHQ SDVVHG IRU HWKLFDO
DSSURYDO E\ WKH 1HZFDVWOH DQG 1RUWK 7\QHVLGH
 1DWLRQDO 5HVHDUFK (WKLFV 6HUYLFH &RPPLWWHH
ZKLFK ZDV JLYHQ RQ  $SULO  UHIHUHQFH
QXPEHU 1(
VWXG\ZDV WR JDLQ DQ XQGHUVWDQGLQJ RI 33*3 DV
H[SHULHQFHG E\ZRPHQ LQ WKH 8.
(LJKW RQHWRRQH VHPLVWUXFWXUHG LQWHUYLHZV
ZLWK HLJKW ZRPHQ ZLWK 33*3 H[SORUHG VWDNH
KROGHU¶V YLHZV DERXW WKH FRQGLWLRQ 7KLV SXUHO\
TXDOLWDWLYH VWXG\ ZDV FRQGXFWHG LQ D ZRPHQ¶V
KHDOWK SK\VLRWKHUDS\ FOLQLF LQ WKH 1RUWK (DVW RI
(QJODQG DQG WKH LQWHUYLHZV ODVWHG IRU DSSUR[L
PDWHO\  K$Q LQWHUYLHZ VFKHGXOHZDV SURGXFHG
WR KHOS JXLGH WKH LQWHUYLHZHU DQG LQ DFFRUGDQFH
ZLWK WKH VXJJHVWLRQ RI 5XELQ 	 5XELQ 
WKHUHZHUHERWKPDLQDQGSURELQJTXHVWLRQV7KH
PDLQTXHVWLRQVZHUHJOREDO DQGRSHQHQGHG DQG
ZHUH GHVLJQHG WR DOORZ LQGLYLGXDOV WR GLVFXVV
WKHLU RZQ YLHZV RI WKHLU H[SHULHQFH RI 33*3
/LDPSXWWRQJ  $OO TXHVWLRQV KDG QHXWUDO
ZRUGLQJ DV VXJJHVWHG E\ 7XUQHU  ZKLFK
ZDVLQWHJUDWHGWRKHOSDYRLGDVNLQJOHDGLQJTXHV
WLRQV /LDPSXWWRQJ  7KH SURELQJ TXHV
WLRQV ZHUH LQFOXGHG WR KHOS JDLQ IXUWKHU LQVLJKW
RU REWDLQ DQ RSWLPDO UHVSRQVH 7XUQHU 
$FFRUGLQJ WR 5XELQ 	 5XELQ  WKHVH GLV
FXVVLRQVZRXOGEHFRQVLGHUHGDVEHLQJFRQGXFWHG
LQ D WRSLFDO LQWHUYLHZ VW\OH EHFDXVH WKH TXHV

WLRQVRIZKDW LW LV OLNH WRKDYH33*3)LHOGQRWHV
ZHUHWDNHQEXWWKHVHZHUHZULWWHQDIWHUWKHLQWHU
YLHZ LQ DQ DWWHPSW WR PDNH WKH LQWHUYLHZ PRUH
TXDOLWDWLYH DQG OHVV FOLQLFDO$OO LQWHUYLHZV ZHUH
DXGLRWDSHG DQG WKHQ WUDQVFULEHG YHUEDWLP EHIRUH
WKH GDWDZHUH WKHPDWLFDOO\ DQDO\VHG
7KH DLP RI WKLV SKDVH ZDV WR GHYHORS D EHOLHY
DEOH QRQSHQHWUDWLQJ .+$ 13.+$ DSSURDFK
LQ D QRQSUHJQDQW SRSXODWLRQ RI ZRPHQ
$ WZRJURXS EHWZHHQ DQG ZLWKLQVXEMHFWV
GHVLJQ WR PHDVXUH WKH EHOLHYDELOLW\ RI D QRYHO
13.+$ DSSURDFK ZDV DGRSWHG 7ZHQW\ QRQ
SUHJQDQW KHDOWK\ ZRPHQ ZHUH UDQGRPL]HG WR
HLWKHU SHQHWUDWLQJ .+$ 3.+$ RU 13.+$
3DUWLFLSDQWVZHUH EOLQGHG WR 3.+$DQG13.+$
YLD EOLQGIROGV
%DVHG RQ 6KHUPDQ HW DO  WKH RXWFRPH
PHDVXUH ZLWKLQ WKLV VWXG\ LQFOXGHG D /LNHUW
7KLV ZDV IROORZHG E\ DQ RSHQHQGHG TXHVWLRQ




WKH SDUWLFLSDQW WR WKH JURXS WR ZKLFK WKH\ KDG
EHHQ DOORFDWHG7KLVZDV FRPSOHWHG LPPHGLDWHO\
DIWHU WKHPLQ.+$VHVVLRQ DQGDJDLQ ZHHN
ODWHU7KLVZHHNUHPHDVXUHPHQWZDVFRPSOHWHG
YLD HPDLO 'HPRJUDSKLF DQG DGYHUVH HYHQW GDWD
ZHUH DOVR FROOHFWHG
)RU WKH SUHVHQW VWXG\ ERWK SURFHGXUHV LH
WRRWKSLFNDQGQHHGOLQJ UHSOLFDWHGFRPPRQSUDF
WLFH IRU KRZ.+$ LV GHOLYHUHG DQG WKH SURWRFRO
XVHG IROORZHG WKDWRI6KHUPDQHW DO 7KH
&, JDYH WKH VDPH H[SODQDWLRQ RI ZKDW WR H[SHFW
WR ERWK JURXSV LQ RUGHU WR WU\ WR FRQWURO IRU KLV
SURFHGXUH LQYROYHG SDUWLFLSDQWV LQ ORQJ VLWWLQJ
RQ D WUHDWPHQW SOLQWK ZLWK EOLQGIROGV SODFHG RQ
ZRPDQZDV XQDEOH WR VHH
$V SHU VWDQGDUG SUDFWLFH WKH &, KHOG WKH
VNLQ WDXW DURXQG HDFK .+$ SRLQW DQG SODFHG
D VWDQGDUG .+$ QHHGOH JXLGH WXEH FRQWDLQLQJ D
WRRWKSLFN DJDLQVW WKH VNLQ 1H[W KH WDSSHG WKH
WRRWKSLFN DQG WKHQ TXLFNO\ ZLWKGUHZ ERWK WKH
WRRWKSLFN DQG JXLGH WXEH 7KH SDUWLFLSDQW UH
PDLQHG RQ WKH SOLQWK IRU  PLQ WR VLPXODWH WKH
SHULRG WKDW .+$ QHHGOHV DUH W\SLFDOO\ OHIW LQ
VLWX )LQDOO\ WR VLPXODWH ZLWKGUDZDO RI D QHH
GOH WKH&, WLJKWO\VWUHWFKHG WKHVNLQDURXQGHDFK
VWUHWFKHG VNLQ WKHQ PRPHQWDULO\ WRXFKHG WKH
VNLQZLWKD WRRWKSLFNZLWKRXWDJXLGHWXEHDQG
WKH VDPH KDQG PRYHPHQWV HPSOR\HG LQ UHJXODU
QHHGOHZLWKGUDZDO$ VWLFNLQJSODVWHUZDVSODFHG
RYHU WKH DUHD RI SULFNLQJ ZKLFK WKH SDUWLFLSDQW
ZDV DVNHG WR NHHS LQ VLWX IRU  K 6KH FRP
SOHWHG WKH EHOLHYDELOLW\ RXWFRPH PHDVXUH LPPH
GLDWHO\DIWHUWKHPLQVHVVLRQDQGUHSHDWHGWKH
RXWFRPHPHDVXUH YLD HPDLO  ZHHN ODWHU
7KH 3.+$ JURXS XQGHUZHQW WKH VDPH SUR
FHGXUH EXW LQ WKLV FDVH QHHGOHV UHSODFHG WKH
WRRWKSLFNV DQG UHPDLQHG LQ VLWX IRU  PLQ 7KH
LQWURGXFWLRQRIWKHVWLFNLQJSODVWHURYHUDUHDVWKDW
KDG UHFHLYHG 13.+$ RU 3.+$ ZDV DQ DWWHPSW
WRPDLQWDLQ WKH EOLQGLQJ RI WKH ODWWHU JURXS7KH
&, FRQVLGHUHG WKDW LV ZRXOG EH SRVVLEOH IRU WKH
3.+$JURXS WR UHDOL]H WKDWQHHGOHVKDGEHHQ LQ
VHUWHG LI QHHGOHPDUNVZHUH REVHUYHG
LPSOHPHQW D VWXG\ LQYHVWLJDWLQJ WKH SUDFWLFDOL
WLHV RI GHOLYHULQJ.+$ IRU 33*3
7KLV ZDV D WKUHHDUPHG UDQGRPL]HG FRQ
WUROOHG IHDVLELOLW\ VWXG\ WKDW LQYROYHG  D FRQ
JURXS FRPSDUDEOH WR:DQJHW DO)RU63
DOO SDUWLFLSDQWV ZHUH JLYHQ VWDELOLW\ H[HUFLVHV
DQG DGYLFH $W WKH SK\VLRWKHUDSLVW¶V GLVFUHWLRQ
SDUWLFLSDQWV ZHUH RIIHUHG K\GURWKHUDS\ D SHOYLF
EHOW ZDONLQJ DLGV DQGRU PDQXDO WKHUDS\ 7KH
.+$ DSSURDFKHV DGRSWHG LQ WKLV SKDVHZHUH WKH
ZHUHDGPLQLVWHUHGLQVL[VHVVLRQVRYHUDQZHHN
LQFOXGH RQO\ WKH 63 SOXV 13.+$ DQG 63 SOXV
3.+$ JURXSV EHFDXVH RI UHFUXLWPHQW DQG UDQG
RPL]DWLRQ LVVXHV
3RWHQWLDO SDUWLFLSDQWV ZHUH HOLJLEOH WR HQURO

WLQJ9OHHPLQJ HW DO
IRU WKH SRVWHULRU SHOYLF SDLQ SURYRFDWLRQ DFWLYH
VWUDLJKW OHJ UDLVH SHOYLV SDOSDWLRQ DQG 3DWULFN¶V
QRW FRQWUDLQGLFDWHG IRU SK\VLRWKHUDS\ RU DFX
DQG ZLWKLQ WKH VHFRQGWRWKLUG WULPHVWHU SHULRG
,QIRUPDWLRQ SHUWDLQLQJ WR WKH DFFHSWDELOLW\ DQG
IHDVLELOLW\ RI WKH VWXG\ GHVLJQ GHPRJUDSKLF
GDWD SDLQ LQWHQVLW\ DQG DFWLYLWLHV RI GDLO\ OLY
LQJ ZHUH DOO FROOHFWHG XVLQJ WKH 3HOYLF *LUGOH
4XHVWLRQQDLUH 3*4
,Q SKDVH  VHYHUDO VLPLODULWLHV ZHUH IRXQG ZLWK
H[LVWLQJ TXDOLWDWLYH VWXGLHV LQ WHUPV RI LQIRUPD
WLRQ SURYLVLRQ WKH LPSRUWDQFH RI VXSSRUW QHW
ZRUNV DQG WKH V\PSWRPV H[SHULHQFHG +RZHYHU

EDVHG H[SORUDWLRQ RI WKH YLHZV RI ZRPHQ ZLWK

SUDJPDWLF SKLORVRSK\ RI YLHZV DERXW 33*3 DV

WLRQ RI YLHZV DERXW 33*3 E\ D PDOH OHDG DX
WKRU$OWKRXJK WKLV FDQ EH FRQVLGHUHG DV D VWDQ
GDORQH VWXG\ LW DOVR LQIRUPHG WKH VWXG\ RXWOLQHG
LQ SKDVH 
,Q SKDVH  WKH UHVXOWV VXSSRUWHG WKH 3.+$
13.+$SURFHGXUH WKDW KDGEHHQGHYHORSHG DQG
LQGLFDWHG WKDW WKH 3.+$ DQG 13.+$ ZHUH DV
EHOLHYDEOH DV HDFK DQRWKHU 7KLV VWXG\ ZDV WKH
DSSURDFK DQG FRQWULEXWHG GLUHFWO\ WR WKH LQWHU
YHQWLRQ DGRSWHG LQ SKDVH 
D WKUHHDUPHG VWXG\ WKDW LQFOXGHG DQ 63RQO\
JURXS ZDV QRW IHDVLEOH EXW D WZRDUPHG VWXG\
&&ODUNVRQ
 3HOYLF2EVWHWULFDQG*\QDHFRORJLFDO3K\VLRWKHUDS\
FRPSDULQJ 3.+$ WR 13.+$ ZDV 7KLV VWXG\
SURGXFHG DQ RULJLQDO FRQWULEXWLRQ WR UHVHDUFK
(QJOLVK DERXW D SUHJQDQF\UHODWHG FRQGLWLRQ
WKH 3*4 DV DQ RXWFRPHPHDVXUH IRU 33*3
6HYHUDO VWXGLHV H[LVW WKDW KDYH LQYHVWLJDWHG DFX
SXQFWXUH IRU 33*3 +RZHYHU PRVW HLWKHU VFRUH
ORZ RQ WKH 3K\VLRWKHUDS\ (YLGHQFH 'DWDEDVH
3('UR TXDOLW\ VFDOH *XWNH HW DO  RU
H[DPLQH HIIHFWV RYHU D VKRUW WLPH IUDPH :DQJ
HW DO  (OGHQ HW DO¶V   VWXGLHV
DUH FRQVLGHUHG PRUH UREXVW H[SHULPHQWV DQG
WKXV OHDG D &RFKUDQH 5HYLHZ E\ 3HQQLFN 	
/LGGOH  WR VWLSXODWH WKDWDFXSXQFWXUHFRXOG
EH D XVHIXO LQWHUYHQWLRQ IRU 33*3 ,Q DGGLWLRQ
EHVW SUDFWLFH LV \HW WR EH HVWDEOLVKHGZLWK(OGHQ
HW DO   RSWLQJ IRU ERG\ DFXSXQFWXUH
VW\OHV ZKHUHDV :DQJ HW DO  XWLOL]HG D
PLFURPHULGLDQ DSSURDFK 7KH XVH RI D PLFUR
PHULGLDQ V\VWHP VXFK DV .+$ WKDW GRHV QRW
UHTXLUH WKHSDUWLFLSDQW WR UHPDLQ LQ D VWDWLF SRVL

LQJ IURP33*3+RZHYHU KLJKHUTXDOLW\ZRUN LV
QHHGHG 3HQQLFN	/LGGOH  DQG8.EDVHG
UHVHDUFK LQYHVWLJDWLQJ .+$ IRU 33*3 LV FXU
UHQWO\ DEVHQW
7KH 005 DSSURDFK DGRSWHG LQ WKH SUHVHQW
VWXG\ GHPRQVWUDWHG KRZ TXDQWLWDWLYH DQG TXDOL
WDWLYH UHVHDUFK FDQZRUN LQ WDQGHP ,PSRUWDQWO\
LWZDVREVHUYHG WKDW WKH VWXGLHV LQYHVWLJDWLQJ WKH
IHDVLELOLW\RI.+$ZKLFKZHUHSULPDULO\TXDQWL
WDWLYH DOVR FROOHFWHG TXDOLWDWLYH GDWD WKDW KHOSHG
WRSURYLGHD FRQWH[W IRU DQGDEHWWHUXQGHUVWDQG
LQJRI WKHHIIHFWVREVHUYHG7KLVIHDVLELOLW\VWXG\
WKDW DLPHG WR LQYHVWLJDWH WKH HIIHFW RI .+$ RQ
33*3ZRXOG EH ERWK DFFHSWDEOH DQG IHDVLEOH
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